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11% for patients with incomplete resection, and 29% for patients having a complete resection. In patients who underwent complete resection mediastinal lymph node involvement and intrapleural tumour spill worsened the prognosis. Patients with adenocarcinoma had a better chance of long term Surgical resection of non-small cell lung tumours and regional lymph nodes is the treatment of choice in the absence of distant metastases.
Of patients who undergo thoracotomy for lung cancer, 5-8% have chest wall invasion. ' The prognostic implication of this finding has been disputed and, formerly, thoracic wall involvement was considered to be irresectable and unfavourable. Good survival rates after en bloc resection were first reported by Coleman in 19474 and Grillo et al in 1966,' and subsequent reports have supported the surgical treatment of these tumours.3 '5-7 In this retrospective study we have analysed our experience of 125 patients who underwent either en bloc resection or extrapleural dissection for non-small cell lung cancer involving the chest wall in order to evaluate these operative procedures and to determine survival characteristics.
Methods Two thousand and nine patients with lung cancer underwent resection at our hospital between January 1977 and December 1993, of whom 125 patients (6.2%) had a primary nonsmall cell lung cancer with chest wall invasion. Patients with distant metastases at presentation were excluded as were patients with superior sulcus tumours, synchronous tumours, metastatic carcinomas, and recurrent disease. All patients had tumour involvement of the parietal pleura or the skeletal muscles or ribs at pathological examination and were staged as T3 according to the TNM classification.8 Resection was regarded as complete when the surgeon felt certain that all visible disease was removed, resection margins were free at pathological examination, and the highest mediastinal lymph node was negative at microscopy. In some patients the tumour was opened by chance during surgery. This peroperative tumour spill was scored separately.
The ages of the patients ranged from 34 to 80 years with a mean of 62.4 years. on their young age in four patients, a single positive lymph node at the ipsilateral tracheobronchial angle in three patients, and at the patient's own request in the remaining case. Cervical mediastinoscopy was not performed in five patients. Table 1 shows the extent of pulmonary resection. In one patient who had a bullectomy and pleurectomy because of persistent pneumothorax the tumour was an incidental finding at pathological examination. One patient underwent combined lobectomy and coronary artery revascularisation. In 52 patients a combined en bloc resection of the carcinoma and chest wall was performed. The number of resected ribs ranged from one to four: one in 10 patients, two in 20 patients, three in 14 patients, and four in eight patients. Reconstruction of the chest wall with Marlex mesh was necessary in 11 of 52 patients. No prosthetic materials were used in any other instance to fill the defect. There were no wound complications. Resection was judged to be complete in 41 patients. The remaining 73 patients underwent an extrapleural dissection which was complete in 45 patients.
The tumour was opened by chance peroperatively in 12 of 125 patients. Table 2 shows tumour cell type and pTNM staging of all patients and those with complete resection. One patient who had a bullectomy and pleurectomy was staged as T3NxMO because he had no cervical mediastinoscopy and no lymph nodes were sampled peroperatively.
The depth of chest wall invasion is shown in table 3. In the group of 72 patients with only parietal pleura involvement a complete resection was obtained in 44 patients who underwent extrapleural dissection and in nine patients who had en bloc resection. Extrapleural dissection was incomplete at the parietal pleura in four patients. The remaining 12 patients had an incomplete resection because of positive resection margins at the bronchus, tumour involvement of adjacent organs or of mediastinal lymph nodes, or distant metastases. In patients who underwent en bloc resection three resections were judged to be incomplete because of positive mediastinal lymph nodes or a positive resection margin at the subclavian artery.
Tumour involvement extended beyond the parietal pleura in 53 patients. An extrapleural dissection was performed in 13 patients which was incomplete in 12. In two patients postoperative biopsy specimens of the thoracic wall showed tumour involvement, although the surgeon was certain that all tumour had been removed. Complete resection was achieved in 32 patients who underwent en bloc resection and in one who underwent extrapleural dissection. In this patient, who had involvement of the intercostal muscles and the periosteum of the second rib, an extrapleural dissection with resection of the periosteum and part of the intercostal muscles was performed which was judged to be complete. Three patients received preoperative radiotherapy (30 Gy) to reduce the size of the tumour.
Postoperative radiation therapy was given to 60 patients in doses of 27-66 Gy. Thirty three patients who had complete resection received postoperative radiotherapy. Thirteen of these had mediastinal lymph node metastases and all were treated with postoperative radiotherapy at the mediastinum and chest wall. The remain- 2 3 4 Years after resection
Years after resection 2 3 Years after resection 4 5 ing 27 patients were irradiated postoperatively at the mediastinum and the chest wall because of incomplete resection. Preoperative chemotherapy was given to one patient who had a positive ipsilateral paratracheal lymph node at cervical mediastinoscopy. Four patients received postoperative chemotherapy because of incomplete resection (n = 3) and lung metastases (n = 1).
The overall hospital mortality was 3.2% (n = 4). Two deaths were due to respiratory failure, one to sepsis, and one to myocardial infarction. Three deaths followed extrapleural dissection and one followed en bloc resection. All these patients had a lobectomy. The estimated mean five year survival for all 125 patients was 23%, and for hospital survivors (n = 121) it was 24%.
Complete resection was achieved in 83 hospital survivors (68.6%) and these patients had a mean five year survival of 29%. Thirty eight patients who had an incomplete resection had a mean five year survival of only 11 % (p < 0.001) (fig 1) .
Because of the significant difference in survival between hospital survivors who underwent complete and incomplete resection, it was decided to analyse only the results of those 83 who had complete resection with regard to other survival characteristics. In the univariate analysis survival was strongly related to mediastinal lymph node involvement. The mean five year survival for patients with NO tumours was 36% compared with 23% and 14%, respectively, for those with Ni and N2 tumours. The difference between NO and N2 tumours was statistically significant (p < 0.05) (fig 2) .
Similarly, survival was related to spill of tumour (fig 3) . The tumour was opened peroperatively in seven of 121 hospital survivors, all of whom died within 16 months because of distant metastases (n = 4), respiratory failure (n = 2), and local recurrence (n = 1). Patients without intrapleural tumour spill had a mean five year survival of 32% (p < 0.0001).
Patients with adenocarcinoma had a better mean five year survival (40%) than those with squamous cell carcinoma (26%), although the difference was not statistically significant. Age, depth of chest wall involvement, and type of operative procedure did not significantly influence survival.
The use of postoperative radiotherapy had no statistically significant effect on survival in our series, neither for patients who underwent en bloc resection nor for those who had extrapleural dissection.
According to the multivariate analysis, sex, intrapleural tumour spill, and mediastinal lymph node involvement were identified as prognostic factors (table 4) .
Local recurrence of malignancy was found in 13 of 83 hospital survivors who underwent complete resection (15.7%), eight after en bloc resection, and five after extrapleural dissection.
Discussion
In this study the overall hospital mortality of 3.2% is similar to the results of McCaughan et al 3but lower than other reports.6 7 The retrospective nature of our study sometimes made it difficult to trace former treatment strategies. The choice of extrapleural dissection or en bloc resection is an important factor in the treatment of lung cancer with chest wall invasion. Some authors favour en bloc resection of the carcinoma and chest wall,5 6 14 whereas others have found no difference between the two procedures.3 7 12 However, comparison of these studies is difficult because of differences in patient selection, operative procedures, and statistical analysis. In this series there was no difference in mean five year survival between patients undergoing en bloc resection or extrapleural dissection when only the parietal pleura was involved. When invasion of the thoracic wall was proven preoperatively by pathological examination en bloc resection was planned, otherwise the choice of operative procedure was made peroperatively. When the parietal pleura could be easily dissected from the ribs an extrapleural dissection was carried out, but when there was fixation of the tumour to the thoracic wall or when pathological examination showed positive resection margins en bloc resection was performed. However, six patients had positive resection margins at the parietal pleura although the surgeon was certain during the operation that all tumour was removed. This indicates that pathological examination of resection margins should always be carried out peroperatively and that, if there is any doubt about complete resection, an en bloc resection should be performed whenever possible.
As is generally recognised,3 12-15 mediastinal lymph node involvement indicates an unfavourable prognosis. Mean five year survival for patients with NO tumours was 36%, compared with 23% and 14% for Ni and N2 tumours, respectively. The difference between NO and N2 tumours was statistically significant.
The tumour was opened peroperatively in seven patients and none of these patients lived more than 16 months. The difference in mean five year survival between patients with and without intrapleural tumour spill was significant (0% and 32%, respectively). In our study these seven patients were judged to have had a complete resection but, because of their poor prognosis, we believe that intrapleural tumour spill must be regarded as incomplete resection. Histological examination showed a higher incidence of squamous cell carcinoma (55.2%). Patients with adenocarcinoma had a better mean five year survival than those with squamous cell carcinoma (40% and 26%, respectively), although the difference was not significant. The fact that adenocarcinomas are often located more peripherally and thus cause earlier complaints of chest pain may be a reason for this difference in survival.
Unlike McCaughan et al,' other studies reported no relation between depth of chest wall invasion and survival7 15 and our results are in agreement with this finding. Patients who underwent en bloc resection had no difference in mean five year survival when there was tumour involvement in or beyond the parietal pleura.
The indications for radiotherapy in resected T3 lung cancer with chest wall involvement remain unclear. Some authors" 16 have described a better survival in patients who have radiotherapy while others have reported no difference. 5 15 17 In this study preoperative radiotherapy was only given to three patients so we cannot comment on its efficacy. Sixty patients received postoperative radiotherapy, 27 of whom underwent incomplete resection and 33 complete resection. In the latter group no significant relationship was found between survival and postoperative radiotherapy, but it must be borne in mind that this is a non-randomised series.
No relationship was found between operative procedure and local recurrence. Thirteen patients who underwent complete resection had local recurrence compared with five patients after extrapleural dissection and eight after en bloc resection.
We conclude that complete resection in patients with T3 lung cancer involving the chest wall yields good survival results after either en bloc resection or extrapleural dissection. Both surgical techniques can be performed safely and invasion of the parietal pleura is not a contraindication to extrapleural dissection.
Mediastinal lymph node involvement, incomplete resection, and intrapleural tumour spill, however, imply an unfavourable prognosis. Postoperative irradiation, age, and depth of chest wall invasion do not influence survival significantly.
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